Background. In type 2 diabetes mellitus (T2DM) patients, chronic kidney disease (CKD) progression may occur without detectable changes in urinary albumin excretion (UAE) rate. A new urinary peptide classifier (CKD273) has exhibited greater ability to detect CKD progression, however, its cost-effectiveness remains unknown. This study evaluated the cost-effectiveness of screening for CKD progression with the CKD273 classifier, as compared to UAE, in diabetic patients. Methods. A decision-analytic Markov model was developed to estimate costs and health outcomes [including overall survival and quality-adjusted life years (QALYs)] from a health system perspective for adopting a new annual screening strategy based on the CKD273 classifier as compared to annual UAE-based screening in a hypothetical cohort of T2DM patients. High-risk patients were defined as T2DM patients with at least one concomitant risk factor (i.e. patients with background genetic risk for developing the disease, obesity, hypertension and/or smoking history) for developing diabetic nephropathy secondary to cardiovascular disease (CVD)-related complications. Low-risk T2DM patients, were defined as those not having any of the aforementioned concomitant risk factors. Results. Over the projected course of a patient's lifetime, in all T2DM patients annual screening with the CKD273 classifier was more costly, but also more effective, than annual screening with UAE. The incremental costs incurred with screening based on the CKD273 classifier were e3,053 per patient, while patients gained 0.13 QALYs. Hence, in all patients, annual screening with the CKD273 classifier was cost effective [incremental costeffectiveness ratio (ICER) e23,903/QALY gained], notably below current government thresholds for funding such health care interventions. For patients at high risk of developing diabetic nephropathy secondary to CVD-related complications, screening based on the CKD273 classifier was cost-saving
A B S T R A C T
Background. In type 2 diabetes mellitus (T2DM) patients, chronic kidney disease (CKD) progression may occur without detectable changes in urinary albumin excretion (UAE) rate. A new urinary peptide classifier (CKD273) has exhibited greater ability to detect CKD progression, however, its cost-effectiveness remains unknown. This study evaluated the cost-effectiveness of screening for CKD progression with the CKD273 classifier, as compared to UAE, in diabetic patients. Methods. A decision-analytic Markov model was developed to estimate costs and health outcomes [including overall survival and quality-adjusted life years (QALYs)] from a health system perspective for adopting a new annual screening strategy based on the CKD273 classifier as compared to annual UAE-based screening in a hypothetical cohort of T2DM patients. High-risk patients were defined as T2DM patients with at least one concomitant risk factor (i.e. patients with background genetic risk for developing the disease, obesity, hypertension and/or smoking history) for developing diabetic nephropathy secondary to cardiovascular disease (CVD)-related complications. Low-risk T2DM patients, were defined as those not having any of the aforementioned concomitant risk factors. Results. Over the projected course of a patient's lifetime, in all T2DM patients annual screening with the CKD273 classifier was more costly, but also more effective, than annual screening with UAE. The incremental costs incurred with screening based on the CKD273 classifier were e3,053 per patient, while patients gained 0.13 QALYs. Hence, in all patients, annual screening with the CKD273 classifier was cost effective [incremental costeffectiveness ratio (ICER) e23,903/QALY gained], notably below current government thresholds for funding such health care interventions. For patients at high risk of developing diabetic nephropathy secondary to CVD-related complications, screening based on the CKD273 classifier was cost-saving (i.e. dominant, being both more effective and less expensive than UAE-based screening). Finally, in low-risk patients, CKD273 classifier-based screening was not cost effective (ICER e73,140/QALY) given current government willingnessto-pay thresholds. Conclusions. In diabetic patients, annual CKD273 classifierbased screening is more costly but also more effective in QALYs gained as compared to UAE. From a health provider perspective, the observed benefits are greatest when such screening is implemented in patients at high risk for diabetes-associated renal or cardiovascular diseases (CVDs).
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I N T R O D U C T I O N
Diabetic nephropathy as well as hypertension constitute the leading causes of chronic kidney disease (CKD), which afflicts approximately one-tenth of the adult population in highincome countries [1, 2] , albeit with notable variations in country-specific prevalence rates [3] . CKD may result in endstage kidney disease (ESKD) with consequent diminution of patients' quality of life and survival [4] . In 2002 alone, international registries reported 1 million patients with ESKD globally [5] . It is expected that by 2025, type 2 diabetes mellitus (T2DM) will affect >300 million patients worldwide, with CKD-attributable mortality rates increasing by 50% [6] from $1.5 million deaths in 2012 [7] .
The health care-associated costs of CKD swell geometrically with advancing disease stages. In the USA, total CKD costs incurred by Medicare patients were estimated to be in the range of US$80 billion, including US$30 billion for CKD Stage 5 and US$50 billion for CKD Stages 1-4 [8] . Assuming similar disease distributions and health care-associated costs in the European 
Union (EU), these findings would infer that the costs of CKD in the EU approximate to e120 billion annually, as also reported in a recent publication wherein the authors estimated that the costs of CKD in Europe are likely to exceed e100 billion [9] . Findings of the AusDiab Study indicate that the cost of CKD increases in parallel with the severity of renal dysfunction [10] . Due to increasing prevalence rates of T2DM and its complications [11] , CKD is an emerging concern for clinicians and health care policymakers alike. To improve health outcomes in T2DM patients, while concurrently reducing associated health care costs, investigations are increasingly dedicated to developing novel means of facilitating the timely detection of CKD onset as well as the consequent prevention of CKD progression and disease complications [12, 13] . Patients at elevated risk for CKD progression may receive intensive medical management so as to deter or delay ESKD, the necessity for dialysis and/or death [14] .
CKD diagnosis is currently based on the detection of urinary albumin excretion (UAE) rates and/or a reduction in estimated glomerular filtration rate (eGFR). In addition, the combination of UAE and >5% annual reduction in eGFR are indicative of progressive CKD [15] . Gender does not appear to mediate the performance of either approach in relation to CKD onset or ESKD [16] . However, despite the absence of detectable UAE [17, 18] and/or microalbuminuria [19] , CKD nevertheless progresses in a notable proportion of T2DM patients. Thus the clinical necessity of an accurate test that complements current medical approaches in predicting CKD progression, and consequently facilitates clinical decision making, remains inadequately addressed to date [18] .
Recently, a capillary electrophoresis-mass spectrometry (CE-MS)-based urinary peptide classifier, namely the CKD273 classifier, was developed [20] . The diagnostic usefulness of the CKD273 classifier has been evaluated in multiple independent studies, including case-control [20] and longitudinal [21] investigations, and has since been proposed as a potentially clinically applicable predictive marker of CKD progression [21, 22] . Even so, its potential applicability in clinical practice ought to be considered in light of its cost-effectiveness [23] in relation to both health care costs [18, 24] and patients' quality of life and health outcomes, including quality-adjusted survival [25] . While proteomics testing is expensive, urinary proteome testing with markers such as the CKD273 classifier is projected to decrease overall lifetime health care costs in T2DM patients [24] . It is hypothesized that, due to its higher sensitivity, the CKD273 classifier will detect diabetic patients at risk for CKD progression with greater accuracy [26] as compared with current standard approaches such as UAE [27] . As a result, screening with the CKD273 classifier may facilitate the pre-emptive initiation of intensified therapy [including additional antihypertensive therapy, angiotensin-converting enzyme (ACE) inhibitor or spironolactone] among T2DM patients at risk for CKD progression and hence deter both disease complications and attributable mortality in a cost-effective manner. However, the cost-effectiveness of screening T2DM patients for CKD progression using the CKD273 classifier as compared to UAE has not been evaluated to date. Therefore, the primary study objective is to evaluate the cost-effectiveness, from a European health care system perspective, of screening T2DM patients for CKD progression using the CKD273 classifier as compared to screening annually with UAE over a 40-year time frame.
M A T E R I A L S A N D M E T H O D S
A Markov model was developed using TreeAge Pro 2008 software (TreeAge Software, Williamstown, MA, USA) to simulate the cost-effectiveness, from a European health care provider perspective, of annual screening for CKD progression using the CKD273 classifier as compared to annual screening with UAE in a hypothetical cohort of prevalent T2DM patients. The hypothetical cohort included patients of both genders, 50 years of age at baseline [28] and residing in Europe. High-risk patients were defined as those patients with at least one concomitant risk factor (i.e. patients with background genetic risk for developing the disease, obesity, hypertension and/or smoking history) for developing diabetic nephropathy secondary to cardiovascular disease (CVD)-related complications. Low-risk patients were defined as those not having any of the aforementioned concomitant risk factors.
The current standard strategy for assessing CKD in T2DM patients, namely the UAE test, was considered an appropriate comparator in this model, as it represents standard care in most countries. Screening for CKD with the CKD273 classifier has a sensitivity of 94.6% and specificity of 97.1% [26] . The sensitivity of the UAE test is 70.0% and specificity is 71.0% [27] . In our hypothetical cohort, both tests were applied at baseline and annually thereafter in all patients until either CKD progression (micro-or macroalbuminuria and/or diabetic nephropathy) or any of the health outcomes (ESKD, dialysis, renal transplantation or death) under evaluation occurred. Additionally, simulations were also conducted wherein screening based on the peptide classifier was conducted in patients at either low or high risk for CVD-related complications.
Model structure
The analysis was conducted and reported according to the Consolidated Health Economic Evaluation Reporting Standards (CHEERS) statement [29] . The Markov model was constructed to include all potential consequences of CKD progression, including diabetic nephropathy, kidney transplantation, graft failure, dialysis and death attributable either to CKD or CVDs (Supplementary data, Figure S1 ). Based on screening test results, diabetic patients either received modified intensified therapy and/or advanced through the health states under evaluation (namely, further disease progression, kidney transplantation, graft failure, dialysis and/or death). Intensified therapy, as compared with standard therapy, included additional antihypertensive therapy, ACE inhibitors or spironolactone. Specifically, the hypothetical cohort of normoalbuminuric T2DM patients was screened at baseline with both the CKD273 classifier and the UAE. Positive screening findings from either approach entailed normoalbuminuric patients receiving standard antihypertensive therapy transitioning to intensified therapy so as to deter the onset and/or progression of CKD. The efficacy of standard antihypertensive therapy is assumed to be 88.0% 442 E. Critselis et al.
; additionally, efficacy based on empirical reports with modified therapy is approximated at 68.0%. Following baseline screening, both CKD273 classifier and UAE screening were conducted annually until any of the health outcomes of interest occurred. The possible model pathways included the following: (i) At baseline, normoalbuminuric patients, receiving standard antihypertensive treatment and having negative screening results either remained event free or, despite screening results, transitioned to more advanced stages of CKD. Normoalbuminuric patients with positive screening results transitioned to receiving intensified therapy and either remained event free or transitioned to more advanced stages of CKD, despite early intervention. Both patient groups could die due to any cause or CVD. Surviving normoalbuminuric patients without CKD progression were retested annually thereafter with either the CKD273 classifier or the UAE until the aforementioned health events or death occurred. For surviving patients, a utility quality-adjusted life year (QALY) for no ESKD was determined for each year of survival {utility QALY 0.82, [95% confidence interval (CI) 0.74-0.90]} [31] .
(ii) Microalbuminuric patients with negative screening results continued standard therapy and either remained event free or transitioned to macroalbuminuria (diabetic nephropathy).
Microalbuminuric patients with positive screening results were administered intensified therapy and either remained event free or, despite treatment, transitioned to macroalbuminuria (diabetic nephropathy). The likelihood to progress between these latter two states was mediated by the effectiveness of intensified treatment. Alternatively, both patient groups could die from CVD or other causes. (iii) Patients with diabetic nephropathy either remained event free or died due to CVD or other causes. Surviving diabetic nephropathy patients either remained event free or transitioned to ESKD and/or, pending the efficacy of therapy, dialysis. Patients with ESKD and on dialysis could either die due to CVD or other causes or alternatively could transition to kidney transplantation. Patients could either stay on maintenance dialysis or die on dialysis. Finally, in order to assess differential impacts of utilizing annual CKD273-based screening in selected target population groups, the aforementioned simulations were replicated separately in low-and high-risk patients for diabetes-associated renal and cardiovascular complications. As detailed in Table 1 , the risk of events, transition probabilities and outcomes were primarily based on the United Kingdom Prospective Diabetes Study (UKPDS 64) findings [32] and published reports [11, 33] , given a CKD prevalence rate of 11% [34] . A time horizon of 40 years (maximum expected patient lifetime after developing T2DM) was applied for the comprehensive consideration of extended effects of identifying patients at risk for CKD progression upon further disease progression, kidney transplantation, graft failure, dialysis and death attributable either to CKD or CVD [35, 36] . Outcomes were expressed in terms of overall survival [life years (LYs)] and quality-adjusted survival (QALYs).
Health outcomes
The health states used in the Markov model included (i) T2DM (without CKD), (ii) T2DM with progressive stages of CKD, (iii) ESKD, (iv) dialysis, (v) renal transplantation and (vi) death. Recent meta-regression analyses indicate that each 10% incremental reduction of UAE is associated with a reduction in CVD-attributable events [37] . Likelihood rates of the health states assessed were retrieved from the UKPDS 64 report [32] . Based on the most conservative estimates arising from the UKPDS 74 [38] , we assumed a 33% reduction in the risk of the investigated health outcomes in the low-risk group and a 1.5-fold increase of the corresponding values in the high-risk group (Table 1) .
Quality of life
Decrements in quality of life were associated with diabetic complications, progression of CKD to ESKD and initiation of dialysis. Utility estimates for the QALY calculation were obtained from literature reports [39, 40] (Table 1) . These values represent preference-based quality of life on an interval scale, where 0 represents death and 1 represents perfect health [41] .
Resource use and costs
All costs were valued in 2015 euros (e) or UK pounds (£; to which 2015-based euro conversions were applied) based on either recommended retail prices or reports of health care associated costs from a health system perspective [11, 33, 42] (Table 2 ). All costs include expenses incurred per annual frequency of testing and/or treatment, as well as physician and hospitalization costs. Costs of intensified therapy included drug costs and physician visits. Incremental cost-effectiveness ratios (ICERs) were calculated. Based on recent reports, governments of high-income countries are more likely to fund health care interventions with an ICER of less than approximately e45,000 (US$50,000) per QALY gained [43, 44] , while UK National Health Service (NHS) thresholds are set at the lowest level approximating e25,600 (£20,000) per QALY gained [45] .
Allowance for uncertainty
All variables in the model were evaluated with one-way sensitivity analyses using an upper and lower bound for each cost and effect parameter, including the probability of kidney disease progression. Deterministic one-way sensitivity analysis findings were used to identify the variables that influenced the costeffectiveness results. Finally, probabilistic sensitivity analysis was conducted based on Monte Carlo simulations with 1000 iterations, to assess the effects of uncertainty upon the overall confidence of the base case model findings.
R E S U L T S
Screening based on the CKD273 classifier compared to UAE Overall in T2DM patients, annual screening for CKD progression with the CKD273 classifier compared with UAE was more costly but also more effective in relation to QALYs gained (Table 3) . Specifically, the total costs per patient incurred by annual screening with the CKD273 classifier was e57,083, as compared to e54,030 resulting from annual screening with the UAE over the course of 40 years. Additionally, patients screened with the CKD273 classifier had better survival and greater QALYs than those undergoing UAEbased screening. In particular, patients undergoing screening based on the CKD273 classifier gained 24.26 QALYs as compared to 24.13 QALYs for those undergoing UAE-based screening. Hence, patients undergoing CKD273 classifier-based screening gained 0.13 QALYs, predominantly due to the slowing of CKD progression and diabetic complications, as well as better quality of life. The ICER of screening based on the CKD273 classifier as compared to UAE was e23,903 per QALY gained, which is lower than the UK NHS threshold costs per QALY gained.
The risk of developing diabetic nephropathy and associated complications can be predicted to some extent by certain clinical risk factors. In order to assess differential impacts of utilizing annual CKD273-based screening in selective population groups, simulations were also conducted in low-and high-risk patients, as defined above. As shown in Table 3 , in low-risk patients, annual screening for CKD progression with the CKD273 classifier as compared with UAE was more costly but more effective in terms of QALYs gained. The ICER in this patient group was e73,140 per QALY gained, notably exceeding National Institute for Health and Care Excellence thresholds [45] .
In contrast, in high-risk patients, annual screening for CKD progression with the CKD273 classifier was cost-saving, i.e. less costly and more effective (known as 'dominant') in relation to QALYs gained. Specifically, CKD273-based screening reduced cost by e700 per patient, while concomitantly contributing to the attainment of 0.17 QALYs.
Sensitivity analyses
In order to explore which variables had the greatest impact on expected costs, ICER tornado diagrams were constructed Figure 1 ). The assumed willingness to pay (WTP) for the cost of the test was set at $10% greater than current UAE costs (e40). The ICER tornado diagram in high-risk populations (Figure 1 ) indicated that the factors that most profoundly affected the calculated expected value of the cost-effectiveness analysis included the annual probability of disease progression, efficacy of modified therapy for CKD management, mortality attributable to dialysis and annual expected increase in the prevalence of Stage 5 CKD. Deterministic one-way sensitivity analysis indicated that with increasing probability of transition from micro-to macroalbuminuria (i.e. CKD progression), the CKD273 classifier-based screening contributed to a greater gain in life years in T2DM patients as compared to UAE-based screening ( Figure 2 ). Finally, probabilistic sensitivity analysis suggested that, assuming a WTP threshold of e45,000 (Supplementary data, Figure S2 , Panel A), annual screening with the CKD273 classifier in T2DM patients is more cost effective than annual screening with UAE in 80.9% of the simulated events. When additionally the application of a more conservative WTP threshold of e25,600 was assumed (Supplementary data, Figure S2 , Panel B), annual screening with the CKD273 classifier remained the most cost-effective approach in 52.2% of simulated events.
Model validation
Both internal and external validation of the constructed models was conducted according to the International Society for Pharmacoeconomics and Outcomes Research-Society for Medical Decision Making Modeling Good Research Practices report [46] . Internal validation was conducted independently by two individual researchers (R.M. and E.C.) in relation to model pathways, verification of individual equations and Table 3 . Cost-effectiveness analysis from a European health system perspective of annually screening type 2 diabetic patients with the CKD273 peptide classifier as compared to UAE over a 40-year time period, according to patient risk of developing diabetic nephropathy secondary to CVD-related complications ICER tornado diagram for the cost-effectiveness analysis from a European health provider perspective of screening type 2 diabetic patients using the CKD273 peptide classifier as compared to screening with UAE, over a 40-year time frame. The ICER tornado diagram indicates that the factors that most profoundly affect the calculated expected value (EV) of the cost-effectiveness analysis include the annual probability of disease progression, the efficacy of modified therapy for CKD management, the mortality attributable to dialysis and the annual expected increase in the prevalence of Stage 5 CKD.
C o s t -e f f e c t i v e n e s s o f C K D 2 7 3 s c r e e n i n g parameters and accurate implementation of the model assumptions. Due to limited data availability regarding CKD273 classifier use at the population level, external validation of the control arm of the analysis (namely, use of UAE in T2DM patients for CKD progression screening) was conducted in relation to survival. Data and modelling procedures from the UKPDS were used to study this effect [47] . The third-order validation conducted [48] revealed that the present model predicted a life expectancy within the age range of that reported by the UKPDS-OM2 simulation [remaining life expectancy of T2DM patients 50-54 years of age at base case: 25.1 years (95% CI 24.5-25.7)] [47] .
D I S C U S S I O N
The present study findings indicate that annual screening of all T2DM patients for CKD progression with the CKD273 urinary peptide classifier was more costly but also more effective in terms of QALYs gained than annual screening with UAE. Specifically, in all T2DM patients, annual screening with the CKD273 classifier as compared to annual screening with UAE was cost effective (ICER e23,903/QALY gained) over the projected course of a patient's lifetime. This is notably below current government thresholds for funding such health care interventions in most high-income countries, including Europe and the USA [43, 44] . The observed benefits from a European health provider perspective of utilizing CKD273-based screening was most profound when such a screening strategy was implemented in patients at high risk for developing diabetic nephropathy secondary to CVD-related complications. In particular, in high-risk patients, screening based on the CKD273
classifier was cost-saving (i.e. dominant), being both more effective and less expensive than UAE-based screening. In contrast, in low-risk patients, screening based on the CKD273 classifier was not cost effective (ICER e73,140/QALY) given current government WTP thresholds. Therefore, screening particularly high-risk T2DM patients with the CKD273 classifier appears to be a preferable cost-saving approach as compared to UAE. Particularly in high-income countries, the continuously increasing prevalence rates of both T2DM and CKD [11] mandate the early detection of patients likely to develop CKD progression and diabetic complications [12, 13] . It is already established that in patients at elevated risk for disease progression, the timely administration of modified intensified therapy can deter the necessity for long-term dialysis, ESKD and death, enhancing patients' longevity and quality of life [4] . Moreover, from a European health provider perspective, recent findings indicate that diabetic patients who experience CKD progression incur 85% higher health care costs than their non-CKD counterparts [10] . Recent reports corroborate that the timely detection of diabetic patients who are most likely to develop CKD progression is of pivotal importance for initiating modified intervention therapy and deterring both CKD progression and diabetic complications, including ESKD [12, 49] .
While current standard medical approaches utilize the combination of UAE and >5% annual reduction in eGFR as indicative of CKD progression [15] , initial investigations have indicated that their combined performance is inferior to that of the recently developed CKD273 classifier [17, 18, 26, 27] . In particular, while recent meta-regression analyses indicate that incremental reductions of UAE are significantly associated with a reduction in CVD-attributable events [including myocardial infarction (À13%) and stroke (À29%), as well as overall composite CVD-attributable outcome, including death, myocardial infarction and stroke (À14%)], it is not associated with overall and CVD-attributable mortality [37] . However, the relationship of albumin:creatinine ratio to the relative risk of all-cause mortality and cardiovascular mortality displays log hazard ratios increasing linearly with increasing log albumin:creatinine ratio [50, 51] . In contrast, based on the Oxford Evidence-Based Levels, high evidence levels exist [22] that the CKD273 classifier is useful for predicting the occurrence of micro-or macroalbuminuria in T2DM patients [52, 53] and that it improves CKD risk prediction beyond eGFR and albuminuria [16] .
A recent systematic review of investigations evaluating the cost-effectiveness of proteinuria-based screening in diabetic patients revealed that the ICERs ranged from US$5,298 to US$54,943 per QALY. Moreover, the most prominent determinants of cost-effectiveness of such a screening strategy were the incidence of CKD, rate of disease progression and effectiveness of treatment [54] . While not directly comparable due to the differences in the projected time horizons applied for the analyses, the present study findings indicate that in T2DM patients, the CKD273 classifier incurs higher incremental costs than UAE. However, patients gained 0.13 more QALYs than those under undergoing UAE-based screening. In absolute terms and from a national health provider standpoint [18, 24] , the CKD273 classifier-based screening strategy is cost effective FIGURE 2: One-way sensitivity analyses for the cost-effectiveness from a European perspective of screening type 2 diabetic patients using the CKD273 peptide classifier as compared to screening annually with UAE over a 40-year time frame. The analysis indicates that with increasing probability of annual CKD progression, the CKD273 classifier-based screening (as compared to UAE-based screening) was associated with a greater gain in QALYs in diabetic patients. [23] . However, cost-effectiveness could not be demonstrated in the low-risk population, while screening based on the CKD273 classifier has a notably favourable value for cost, particularly in patients at highest risk for diabetes-related complications, demonstrating not only cost-effectiveness, but even savings. Furthermore, the notable increase in life years gained support from the consideration of its use for augmenting high-risk diabetic patients' quality of life [25] . Finally, since patients with even mild stages of CKD are more likely to succumb to causes other than diabetic complications [55] , the use of an accurate predictor of CKD progression at the earliest stage of disease is mandated. Therefore, as compared to annual screening with UAE, the adoption of screening high-risk patients for CKD progression with the CKD273 classifier appears to be a favourable approach for both health care costs and diabetic patients' quality of life.
Recent reports propose that UAE screening conducted at longer time intervals may be more cost effective, particularly in population groups at high risk for CKD progression [28, 56] . We explored the cost-effectiveness of implementing screening with the CKD273 classifier at longer time intervals, including every second, third and fifth year. Screening with the CKD273 classifier every second, third and fifth year was less expensive, but also less effective, than annual screening with UAE (Supplementary data, Table S1 ). In particular, the efficacy of screening was observed to decrease with increasing screening time intervals. It is posited that the diminished efficacy of infrequent screening strategies may be potentially attributed to the costs incurred by delayed diagnosis and timely referral to specialist services for deterring further progression to ESKD [57] . Hence, to secure the timely detection and referral of patients at risk for CKD progression and consequent initiation of modified therapy, it appears preferable, from both a patient and health care provider perspective, to conduct screening with the CKD273 classifier on an annual basis.
Furthermore, we hypothesized that once the CKD273 classifier was widely adopted as a screening method, a notable reduction in its retail cost could be anticipated. Based on the model assumptions and sensitivity analysis, we assumed that following widespread use the CKD273 classifier would decrease in cost from e650 to e450 (Supplementary data, Table S1 ). In particular, in the latter hypothetical scenario, screening T2DM patients for CKD progression with the CKD273 classifier was dominant (i.e. less costly and more effective) than screening with UAE. Specifically, the incremental costs incurred by screening with UAE (as compared to the CKD273 classifier) were e2,177. The effectiveness of the CKD273 classifier was superior to that of UAE (CKD273 classifier versus UAE: 24.26 versus 24.13 QALYs gained) and patients had better survival and QALYs, gaining 0.13 QALYs. Screening with the CKD273 classifier had a markedly favourable value for cost as the ICER of UAE was Àe17,043 per life year gained. Therefore, the cost-effectiveness of utilizing the CKD273 classifier in CKD progression screening is anticipated to be even greater once it is widely adopted in clinical practice and, by extent, its retail cost is notably reduced.
Finally, although T2DM patients account for approximately one-third of patients requiring chronic renal replacement therapy, CKD is common to both type 1 and type 2 diabetes [58] . In particular, while the prevalence rate of diabetic nephropathy from type 1 diabetes has fallen during recent decades [59] , findings from the recent UK National Diabetes Audit indicate that only 57.7% and 67.6% of type 1 and type 2 diabetic patients, respectively, are normoalbuminuric [60] . Furthermore, following adjustment for confounding effects, the prevalence of CKD in type 1 diabetics is similar to that of their type 2 counterparts [61] . Hence, the prevention of CKD remains a public health concern in type 1 and type 2 diabetic patients alike. The renoprotective effects particularly of ACE inhibition and angiotensin II receptor blockers in microalbuminuric patients for delaying progression to diabetic nephropathy has been documented in both type 1 and type 2 diabetic patients [62] . Therefore, it is anticipated that, based on the present study findings, screening of type 1 diabetic patients with the CKD273 classifier could facilitate the timely initiation of intensified therapy and consequent determent of diabetic nephropathy.
Strengths and limitations
The present analysis is the first of its kind to simulate the incremental costs and incremental benefits of screening diabetic patients for CKD progression with the CKD273 classifier as compared to UAE. Additionally, the simulation has utilized the highest quality of evidence to retrieve values of transition, outcomes and costs. Furthermore, the simulation was both internally and externally validated. However, it should be noted that randomized trials for estimating survival rates are not available to date. Finally, the cost-effectiveness analysis included an extended time horizon of 40 years. In normoalbuminuric patients, diabetic nephropathy may develop following a median period of 19 years, while ESKD may develop after a median of $9 years thereafter. Hence, the median period of normoalbuminuric patients to develop ESKD is $30 years [32] . Therefore, the time horizon of 40 years utilized for the present study simulation seems to be appropriate. Even so, the study findings should be considered with caution, as they arise from simulations in a hypothetical cohort of prevalent T2DM patients. Also, background rates have been derived from the UKPDS 64 and thus may vary from current prevalence rates [63] . However, since the applied rates remain notably lower than those of other developed countries such as the USA [64] , any variations in rates introduced would likely only bias the study findings towards the null hypothesis. In addition, costs are observed from a European health and social care perspective. Specifically, risk of events/outcomes are based on the UKPDS 64 (with conversion to euros applied for the purposes of the present analysis), while costs incurred for events/outcomes were taken from the most recent published peer-reviewed scientific literature. Therefore, estimations are optimally calculated and extrapolated to the UK NHS system. Despite the external validations conducted to verify the model simulation, extrapolation of findings may be compromised for other national health care settings.
Implications for future research
The simulation conducted indicated that annually screening patients with T2DM for CKD progression with the CKD273 urinary peptide classifier was more costly but also more effective for QALYs gained than annual screening with UAE. The observed benefits from a European health provider perspective of utilizing CKD273-based screening were most profound when such screening was implemented in patients at high risk for developing diabetes-associated complications. Observational studies are necessary to validate the present study findings and to evaluate the potential impact of such screening practices on minimizing health care costs attributable to other comorbidities, including CVD, in high-risk patient groups.
G L O S S A R Y

Dominant:
The intervention under evaluation incurs less costs and is at least as effective if not more effective than the comparator.
Incremental cost-effectiveness ratio (ICER):
The ratio of the difference in costs and the difference in health outcomes (effects). Markov model: A type of decision analytic model that allows for the transfer between mutually exclusive health states over an extended time period. Monte Carlo simulation: The random selection of values from a given distribution of model parameters, used in a probabilistic approach to calculate the 95% confidence range around the ICER. Sensitivity analysis: Approach for evaluating the robustness of an economic model by evaluating the changes in results obtained when key parameters or scenarios are varied over a specified range. Utility: A quality of life weight on a 0-1 scale (death to full health) used in the calculation of quality-adjusted life years (QALYs).
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